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Abstract. The Lieper Posse is a calcareous, ground water-fed
fen system, situated in the end-moraine area of  northeastern
Germany. Nowadays the fen is partly drained and the vegeta-
tion adversely affected; hence regeneration measures are con-
sidered. Here we report a pilot survey of the actual vegetation
cover in relation to the hydrological conditions of the system.
The vegetation in the central part of the fen system can be
assigned to the Caricetum lasiocarpae, with small areas of
Eleocharitetum quinqueflorae. The southern part of the sys-
tem includes a Ledo-Pinetum sylvestris bog. Along the edges
eutrophic forest types are present.
Peat analysis revealed that the system started as an open
lake and subsequently changed into a rheophilous mire, ‘per-
colating mire’. The southern bog has only recently come into
being. Hydrological investigations showed that the original
mineral-rich ground water had to a large extent been replaced
by acid rainwater; this is likely due to the construction of a
ditch before 1850. The effects of this drainage on hydrological
conditions and some aspects of soil fertility are discussed.
Possible consequences for the restoration of calciphilous veg-
etation types are being considered. It is concluded that the
vegetation development is predictable only to a limited extent,
which is mainly due to a lack of knowledge on hysteresis
effects in both vegetation and soil.
Keywords: Calciphilous; Drainage; Ground-water composi-
tion; Mire regeneration; Vegetation reconstruction.
Abbrevations: EC25 = Electrical conductivity at 25 °C; PCA
= Principal Components Analysis.
Nomenclature: For phanerogams: Rothmaler (1986); for
mosses: Smith (1978); for  syntaxa: Dierßen (1982), Dierßen
& Reichelt (1988) and Runge (1990); for hydro-ecological
mire systems: Succow (1982, 1988).
Introduction
Virgin mires and fens are becoming increasingly
rare in West and Central Europe (Goodwillie 1980;
Knapp, Jeschke & Succow 1985). They are considered
very valuable and their last remnants are under strict
protection in many European countries; several projects
have been started to restore deteriorated mires (Tüxen
1976; Eggelsmann & Klose 1982; Schwaar 1987;
Pfadenhauer 1988; Poschlod 1990).
Restoration plans for such mires generally consist of
the raising of the ground-water table to neutralize the
effects of drainage. It remains doubtful, however, whether
the complex changes in hydrochemistry and pedological
conditions after drainage are reversible (van Dijk &
Boekel 1965; Ingram 1983; Clymo 1983). These drain-
age effects are not only confined to moisture character-
istics of the peat, but they also affect the volume of
water that can be stored in the mire as a whole. After
drainage the storage capacity of the mire will be much
less, due to shrinking, mineralization and parching of
the peat. As a result considerable changes occur in the
mire topography from which prominent changes in
ground-water flow patterns within the mire can arise.
Even if a rise in the water table within the mire can be
achieved it is still uncertain if the original ground-water
flow pattern can be restored and the original vegetation
we want to keep and protect, regenerated.
When the regeneration of a calciphilous fen vegeta-
tion is related to the problem of hysteresis of the mire
system, the following questions should be answered
before acceptable predictions about future vegetation
developments can be made:
-Which hydrological conditions prevailed during the
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peat formation? This implies a reconstruction of the
vegetation succession that occurred  in  the  area. The
following methods may be used: pollen analysis (Faegri
& Iversen 1975; Birks & Birks 1980; Berglund & Ralska-
Jasiewiczowa 1986), analysis of macrofossils (Große-
Brauckmann 1968, 1979, 1986; Heinselman 1963;
Walker & Walker 1961;  Schwaar 1982, 1986) and
analysis of historical data (Bos, van Geel & Pals 1988;
Schwaar 1990). Whichever methods are chosen, the
results have to be translated into complete descriptions
of vegetation types (Malmer & Regnéll 1986). To the
extent that  abiotic conditions of virgin mire vegetation
in Central Europe are known (Dierßen 1982; Dierßen &
Dierßen 1985; Dierßen & Reichelt 1988; Ellenberg
1986; Succow 1988) it is possible to estimate  former
hydrological conditions in systems now degenerated.
- What are the present hydrological conditions? To
answer this question the qualitative and quantitative
aspects of the hydrology have to be modelled, which is
very expensive. A second alternative is to concentrate
on the distribution of ground-water types, which are
assumed to reflect flow patterns. A vegetation map may
present useful additional information on hydrological
conditions, provided the vegetation types mapped can
be used as indicators of hydrological conditions (Everts
& de Vries 1991).
- To what extent can the mire be regenerated by hydro-
logical measures in order to conserve or restore endanger-
ed vegetation types, and what is the time scale involved?
If, for instance, it would take several hundred years to
reach the desired situation, it might not be a very inter-
esting measure from a pragmatic point of view.
The Lieper Posse is a nature reserve for which resto-
ration plans are being developed. It is one of the very
few remaining calcareous fen systems in eastern Ger-
many. The area shows many signs of deterioration,
possibly caused by the construction of an amelioration
ditch in 1840.
The present paper focuses on the relationship be-
tween changes in the abiotic environment and the result-
ing vegetation succession. The effects of human inter-
ference on the hydrology and the vegetation of this
ecosystem are estimated by comparing the actual situa-
tion with a reconstruction.
The study  area
The Lieper Posse is a nature reserve, situated in the
vicinity of the city of Eberswalde in eastern Germany
(52°50' N and 13°50' E) (Fig. 1). The climate is some-
what continental with a mean annual rainfall of 500 mm
and a mean annual evaporation of 400 mm. The area lies
at the southern edge of the end-moraine landscape,
formed by the Weichsel glaciation. This landscape con-
sists of glacial sandy hills of about 100 m elevation. Due
to the relatively short leaching period and high initial
lime content, the soil here is fairly rich in calcium, ca. 5-
8% CaCO3. Because of its higher elevation the end-
moraine functions as a regional infiltration area which
discharges at its foot into the valleys of the rivers Finow
and Oder. Probably part of the ground-water discharge
flows through the Lieper Posse, since the area lies in a
natural outlet of some ridges.
The moraine area is covered with beechwoods which
are extensively used for forestry. Due to insufficient
drainage, small mires have developed in most of the
depressions. Practically all these mires are of the so
called ’kettle hole’ type (Succow 1982, 1988) and are
only nourished by mineral-poor water. Therefore, they
harbour vegetation types  characteristic of subneutral to
acid conditions. The Lieper Posse is one of the very few
base-rich mires in the area.
The reserve is bordered on the west side by a ditch,
which was probably dug around 1840 (Succow unpubl.
data) and is used to drain the higher grounds for forestry.
West of this ditch a former part of the mire has been
transformed into an extensively used hay meadow. The
remaining part of the mire is covered by about 6 ha of
woodland, mainly along the borders, whereas 9 ha in the
centre of the area consists of lower and more open
vegetation types. The reserve itself is not utilized, ex-
cept for the NW corner, where 0.5 ha has been planted
with Picea.
The soil consists of fen-peat, generally about 4 m
thick. Pleistocene sand deposits are present beneath the
peat body.
Fig. 1. Location of the study area.
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Methods
Peat stratigraphy
In order to estimate the vegetation development of
the study area a description of the peat stratigraphy was
made on six sampling sites along a transect from north
to south (Fig. 1). The peat was classified according to
the prevailing plant remnants it consisted of (Succow
1988) and the humification degree of the different peat
layers assessed. Samples were taken with a so called
’Russian sampler’ (see Aaby & Digerfeldt 1986) from
the surface downwards until the underlying mineral
layers were reached. A reconstruction of the vegetation
succession was based on peat stratigraphy. Hydrologi-
cal conditions during the peat forming stages were de-
duced from these results (see Succow 1988).
Vegetation
In June 1989 a vegetation map of the area was made
with the aid of Succow's (1988) typology. (See Table 1.)
This map was used to assess present abiotic conditions
in the area: water regime, pH/base status and nutrient
regime (Succow 1988). The next step was to deduce the
succession, which had taken place since the area changed
from a growing mire into the present situation. The
analysis of the peat profiles was used to reconstruct the
original vegetation that was present during the peat-
forming phase(s) of this mire. A reconstruction of the
current degeneration phase was made on the assumption
that gradual transitions in space represent transitions in
time, i.e. succession.
Hydrology
Ground-water tables were measured in September
1988 along a transect (Fig. 1). Piezometers were placed
at eight sites, each with three filters, at 30, 80 and 160
cm below the surface of the peat body. Water samples
were also collected from these tubes. They were emp-
tied one day before sampling in order to allow for
refilling with fresh ground water  EC25, temperature and
pH were measured in the field, using portable measur-
ing instruments. If enough water was present 150 ml
samples were taken and stored in polyethylene bottles
filled to the brim. The samples were separated in the
laboratory into two parts; 50 ml was brought to pH 2 by
adding 2.5 ml  4% HCl. Cation contents (Ca2+, Mg2+,
Na+, K+, Fet, Alt, Sit) were measured in this subsample,
using an Inductively Coupled Plasma Technique
(Boumans 1987; Bos & Fredeen 1989). The remaining
100 ml was used to perform the other measurements.
CO2 and HCO3- were measured by titration methods. Cl-
, SO42-, NO3-, NH4+ and H2PO42- were measured with an
auto-analyser (Skalar). All samples were stored for eight
days at 4 °C in a dark room. Just before analyzing, EC25
and pH were measured again in the laboratory to detect
possible changes in chemical equilibria. To check the
reliability of the analyses, both ion balance and EC25
were computed. Analyses deviating  >10% in the ion
balance, or differing > 15% between computed and
measured EC25, were not used. In the case where the
water volume sampled was insufficient 50 ml (or less)
were taken for  measuring cations only.
EC25  and  temperature were measured  directly  in
the  peat  profile  using   a  EC / temperature  probe   (van
Fig. 2. Peat strati-
graphy along the main
transect from N to S.
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Wirdum 1984). Measurements were made in July 1988,
September 1988 and June 1989 along a transect at depth
intervals of 20 cm down to 180 cm or until the underly-
ing sand deposits were reached. In June 1990 the area
was measured on the basis of a 50m × 50m grid.
Results
Peat profiles
The peat stratigraphy is the same along the whole
transect (Fig. 2), suggesting that it results from an auto-
genic succession, during which the basin as a whole was
filled. Hence, the present differentiation  in vegetation
within the mire results from recent changes in the mire.
Three stages can be discerned in the peat formation.
The first stage is characterized by thick layers of algal
gyttja, a lake deposit formed by fresh water algae
(Succow 1988). A thin layer of Laacher tuff is found
close to the underlying mineral deposits, indicating that
this phase had already begun before the time of the
volcanic eruptions in the Eifel, ca. 11 000 yr ago (Meyer
1988). An intermediate layer, still containing much
detritus, but also many brown mosses, situated on top of
the algal gyttja deposit, indicates that the peat body
started to grow above the water level at that time.
The second phase is characterized by a peat layer
without any detritus, but with brown mosses and sedges,
suggesting that the mire was nourished by nutrient-
poor, base-rich ground water (‘secondary peat forma-
tion’ sensu Moore & Bellamy 1974). However, the
water was not saturated with calcium since calcite de-
posits have not been found. This peat layer is 1.5 to 2 m
thick at all places, indicating that this situation was
stable and had existed for a long time. At most sites the
top layer consists of small-sedge peat which was  humi-
fied to the extent that no remnants of mosses could be
found. Since some of the present vegetation types above
the small-sedge peat still contain these mosses (Table 1)
it seems likely they were also present in this second
phase.
The third and last phase is characterized by a small
layer of Sphagnum-peat (35-40 cm), which was only
found in the zone where bog vegetation is present nowa-
days. Peat accumulation rates, presented in Aaby (1986),
indicate that these acid conditions came into being re-
cently, viz. between 200 and 400 yr ago.
Vegetation distribution
11 vegetation types were identified; their diagnostic
species are presented in Table 1 and their distribution in
Fig. 3. The northern edge is covered almost entirely with
Table 1. Key to the plant community types through the diag-
nostic species distinguishing the different vegetation types:
n =  high presence, high cover (Braun-Blanquet cover
    values 3, 4 or 5, i.e. cover >25 %);
 - =  high presence, lower cover (Braun-Blanquet cover
    values 1 or 2);
(n ) =  subtypes exist with a high cover of this species;
(-) =  subtypes exist with a high presence of this species.
Community types:
1. Eleocharitetum quinqueflorae Lüdi 1921;
2. Caricetum lasiocarpae Koch 1926 em. Dierßen 1982;
3. Betulo-Salicetum repentis Oberd. 1964;
4. Thelypterido-Alnetum Klika 1940;
5. Carici elongatae-Alnetum Koch 1926, Carex acutiformis facies;
6. Carici elongatae-Alnetum typicum  Koch 1926;
em. R.Tüxen et Bodeux 1955;
7. Fraxino-Alnetum glutinosae Matusz. 1952;
8. Carici remotae-Fraxinetum Koch 1926;
9. Sphagno-Betuletum pubescentis Libb. 1933;
10. Ledo-Pinetum sylvestris Hueck 1929 em. R.Tx. 1955;
11. Melico-Fagetum Seibert 1954.
1 2 3 4 5 6 7 8 9 10 11
Eleocharis quinqueflora  -
Trichlochin palustre  -
Chara sp.  -
Scorpidium scorpioides n
Campylium stellatum n n
Drepanocladus revolvens - n
Valeriana dioica  -  -  -
Carex panicea  -  -  -
Hydrocotyle vulgaris n  -
Carex lasiocarpa n n
Carex appropinquata  - n
Phragmites australis -
Utricularia minor  -
Calliergonella cuspidata  -  -  -
Carex lepidocarpa  -
Carex elata  -
Salix pentandra  -
Carex acutiformis  - n
Thelypteris palustris (n ) (n ) n (n )
Cirsium palustre  -  -
Deschampsia caespitosa n  -
Iris pseudacorus  -  -
Fraxinus excelsior  -  - n n
Urtica dioica  -
Carex remota  -
Sphagnum fallax n n
Sphagnum palustre  -  -
Sphagnum fimbriatum  -  -
Eriophorum vaginatum  -  -
Pinus sylvestris  - n
Ledum palustre  -
Oxycoccus palustris  -
Alnus glutinosa  -  - n n n n  -
Betula pubescens  -  -  -  -  -  - n
Circaea alpina (-) (-)  -
Fagus sylvatica (-) (-) n
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alder carr, Carici elongatae-Alnetum. A small area in
the NE corner is covered by stands of the relatively
nitrophilous woodland types Carici remotae-Fraxinetum
and Fraxino-Alnetum.
The central area next to this border zone, can be
subdivided into two quite distinct parts. The northwest-
ern part is covered with remnants of bog vegetation,
Ledo-Pinetum sylvestris, in a desiccated form without
Sphagna and with species from beechwood, pointing to
a succession towards a Melico-Fagetum. The birch carr,
Sphagno-Betuletum pubescentis, normally found in bor-
der zones of a bog, covers a relatively large part of the
central area here. The remainder of the central area is
covered with vegetation types more or less characteris-
tic of mesotrophic, calcicolous conditions. The pre-
dominating type is an open woodland, Betulo-Salicetum
repentis, characteristic for superficially drained neutral
to slightly calcicolous mires. Locally, small areas are
covered by two peat-forming vegetation types, the pio-
neer association Eleocharitetum quinqueflorae on
flooded places and the Caricetum lasiocarpae on non-
flooded places. In both types species of the adjacent
Betulo-Salicetum repentis are also present, which points
to a succession towards the latter type.
The southern part of the reserve consists mainly of a
bog (Ledo-Pinetum sylvestris), that is bordered by a
birch carr zone (Sphagno-Betuletum pubescentis).  A
small part at the eastern tip of this bog shows signs of
desiccation; it is covered with a mixed woody vegeta-
tion containing elements of the Melico-Fagetum.
Fig. 3. Vegetation map of the
fen system Lieper Posse. See
Table 1 for a survey of the 11
plant community types involved.
470 van Diggelen, R. et al.
where alder carrs are being replaced by beech wood
(Melico-Fagetum). Well-developed Carici elongatae-
Alnetum stands are only encountered in the SE corner.
This corner is probably fed by water from the adjacent
hills, as is the case along the northern edge.
The southern half consists predominantly of a wet,
oligotrophic bog, that is surrounded by a zone of slightly
drier and less oligotrophic birch forest. This indicates
that this area is nourished almost exclusively by min-
eral-poor rain water and is slightly drained at the edges.
Ground-water composition
The chemical composition of the ground water (ma-
jor ions and nutrients) varied much within the mire. A
Principal Components Analysis carried out on all com-
pletely analyzed ground-water samples revealed that
55% of the variation was accounted for by the first
component and 16% by the second one. The first axis
was strongly correlated to most major ions: Ca, Mg, Na,
SO4, Cl, while the second axis had higher loadings of
NO3, K, PO4 and NH4. Thus, the total mineral content of
the water is the main criterion for distinguishing water
types. A further division on the basis of the nutrient
status was not considered very informative in view of
the small percentage variance explained.
Since the variation in the calcium content was larg-
est, total hardness (Ca + Mg) was chosen as the main
classification criterion. Classification boundaries were
taken from those presented by Stuyfzand (1986). Four
different water types were distinguished (Table 3), each
one with its own typical ionic composition and origin.
Water type I consists of relatively recently infiltrated
rainwater, that had not yet been enriched with dissolved
salts. It is characterized by a low total mineral content, a
low pH, a high CO2-content and the presence of NH4.
Water types II and III show intermediate values with
respect to the dissolved ions; Type II, though not resem-
bling type I, has a low amount of dissolved ions, type III
has higher values.
Water type IV showed a very high mineral content.
The samples that fell into this category were all practi-
cally saturated with respect to calcite (calculated after
Stuyfzand 1989).
Since the EC values of the different water types
showed practically no overlap (Table 3) they can be
used as a reliable assessment of water types.
Zonation of ground-water composition
A clear zonation in the ground-water table was found,
with gradually lower levels from north to south (Fig.
4B), suggesting a constant supply of water in the north-
ern part, i.e. seepage, and a constant discharge in the
Table 2. Plant community indication of water-table range (cm
below surface), soil pH and trophic status (C/N quotient) in the
Lieper Posse, according to Succow (1988).
Plant community Water table pH C/N
Eleocharitetum quinqueflorae 0/5 5.6 - 8.0 40 - 26
Caricetum lasiocarpae 0/5 5.2 - 6.0 33 - 26
Betulo-Salicetum repentis 0-20/10-25 5.2 - 6.6 33 - 26
Thelypterido-Alnetum 0-20/10-25 4.8 - 6.4 26 - 20
Carici elongatae-Alnetum
Carex acutiformis facies 0-20/10-25 4.8 - 7.2 20 - 13
typicum 0-20/10-25 3.0 - 8.0 13 - 10
Fraxino-Alnetum glutinosae 10-20/25-45 3.0 - 8.0 < 20
Carici remotae-Fraxinetum 10-20/25-45 ? < 13
Sphagno-Betuletum pubescentis 10-20/25-45 3.0 - 4.8 33 - 26
Ledo-Pinetum sylvestris 0-20/10-25 2.4 - 4.0 40 - 33
Melico-Fagetum 20-40/45-65 3.0 - 8.0 13 - 20
Interpretation of the present vegetation zonation
Interpretation of the vegetation types  with  respect
to their  indication of wetness, pH and trophic status
(Table 2) gives the following, complex picture. The
Carici elongatae-Alnetum along the northern edge is
indicative of eutrophic conditions in combination with
generally high, and fluctuating water tables. No signs of
desiccation or acidification were encountered in this
zone; probably the area receives a great deal of  water,
for at least part of the year.
Along the ditch at the western edge of the Lieper
Posse the vegetation resembles the Melico-Fagetum, a
wood bound to relatively moist and eutrophic condi-
tions. A significant influx of nutrient-rich water is not
very likely; probably the trophic status is mainly the
result of mineralisation. The presence of a desiccated
form of bog vegetation (Ledo-Pinetum) together with a
relatively large area covered by Sphagno-Betuletum in
the northwestern corner, suggests that this area used to
be fed by mineral-poor rainwater, but has been drained
later on. More to the south, somewhat more Alder wood
(Carici elongatae-Alnetum) borders the ditch, pointing
to a larger influx of water.
In the centre of the area we find a mosaic of vegeta-
tion types that are indicative of wet to very wet, neutral
to calcicolous, and mesotrophic to meso-oligotrophic
conditions. Hence, this area is continuously supplied
with calcium-rich, nutrient-poor water. At the same
time, it must suffer somewhat from desiccation because
vegetation types of growing mires (Eleocharitetum
quinqueflorae and Caricetum lasiocarpae) occupy only
very small areas, whereas the Betulo-Salicetum repentis,
which is characteristic of a slight drainage (Succow
1988) is found over larger areas.
Drainage is also apparent along the eastern edge,
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Table 3. Chemical  characteristics (mean and  standard deviation)  of  the  water types  distinguished. Concentrations are  given  in
µmol/l, EC25 in µS/cm.
Water type I II III IV
N samples 8 7 17 4
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
CO2 3165.00 511.11 2588.57 725.31 1981.18 622.28 1935.00 740.47
EC25 204.87 47.76 425.15 41.96 632.37 108.63 1128.61  415.28
pH  5.24 6.22 6.56 6.75
Cl 626.25 234.64  675.71 103.58 892.35 234.8 1685.00 821.32
HCO3 825.00  574.48 2525.71 523.32  3986.47  926.25 5837.50 1419.66
SO4 136.25 107.56 365.71 195.07 956.18 525.10 2565.00  1700.67
NO3 212.50 166.28 251.43 93.88 222.94 103.85 305.00 155.24
NH4 126.25 174.92 0.00  0.00 0.00 0.00 0.00 0.00
PO4 12.92 4.52 7.62 3.17 12.35 6.32 20.83 9.95
Ca 513.13 169.39 1410.00 233.47 2494.41 490.81 4768.75 1572.21
Mg  76.88 32.18 219.29 29.50 440.29 111.28 1011.25 711.81
Na 511.25 155.42 718.57 79.46 904.71 176.04 1690.00 899.07
K 60.00 28.78 62.86 32.00 88.24 51.51 100.00 55.98
Fe 15.00 11.02 7.86 2.67 16.47 15.69 23.75 34.25
southern part, i.e. infiltration. Analysis of differences
between phreatic and piezometric ground-water levels
did indeed show infiltration characteristics in the south-
ern part. In the northern part, however, the expected
seepage could not be detected; instead a neutral situa-
tion was found, which points to lateral flow taking
place.
A zonation in water types can be found from north to
south. It ranges from the very mineral-rich type IV
along the northern border via the intermediate types II
and III in the centre to the rainwater-like type I in the
south (Fig. 4A). In the mixed zone in the centre of the
area, higher EC values can generally be found at the
surface as compared to the deeper layers. The analyses
show that these values must be attributed to higher Ca-
and especially higher SO4- concentrations (Table 4).
The calculation of saturation indices (Stuyfzand
1989) showed  that  none of  the water  samples was
••
Fig. 4. Distribution of water types along the main transect on three
different dates (July 1988, September 1988, July 1989). The water types
are based on  EC-measurements (   )  as well  as ionic composition (    )
in ground-water samples. Soil surface is indicated by a solid line,
Ground-water level (only measured  in  September 1988) by dashes.
Infiltration (↓), seepage (↑) and neutral situation (0) are pictured above
the measuring points. - : ground-water table not measured.
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Table 4. Mean SO42– -concentration in relation to depth of
sampling; n = number of samples.
Filter depth Mean  SO42– S.D. n
(cm < surface) (meq/l)
0 - 30 2.10 0.52  4
40 - 70 1.82 1.46 13
150 - 170 1.53 1.31 18
Fig. 5. Distribution of water types along seven parallel tran-
sects. The water types are based on EC-measurements, carried
out between 13 and 15 June 1990. The surface of the mire is
assumed to be flat.
oversaturated with respect to CaCO3. Therefore, the
decrease in total mineral content from north to south
cannot be explained by the secondary formation of
CaCO3 but must instead be ascribed to the mixing of
different quantities of mineral-rich and mineral-poor
(rain)water types. In the central area the situation is
more complex. Here a lateral water flow brings in min-
eral-rich water from the northern edge, which is diluted
by infiltrating rainwater. Beneath this water a mineral-
poor water type is found, suggesting a lateral flow to the
central area from the bog in the south. At the same time
higher EC-values are found in the transects closer to the
ditch (Fig. 5). The conclusion is that the mineral-rich
water coming from the northern edge is attracted to and
drained away by the ditch in a direction perpendicular to
the transects.
The EC measurements in the central transect at three
different times (Fig. 4) clearly show that this general
pattern is quite stable, at least in the summer period.
Discussion
Reconstruction of the vegetation succession
The results of the peat investigations suggest that
peat growth started in an open basin, where a thick layer
of algal gyttja had been produced. This basin gradually
became filled and the system changed into a percolating
mire forming brown moss-sedge peat throughout the
whole area, even in the area that is nowadays covered
with bog vegetation. Only the upper 40 cm of the bog
consists of Sphagnum peat, meaning that the transition
from fen into bog took place recently.
These results imply that until recently the whole area
was fed by mineral-rich ground water. Nowadays, only
two vegetation types can be considered as minerotrophic
peat- forming communities, the Eleocharitetum quinque-
florae and the Caricetum lasiocarpae. If one assumes
that the whole area was once covered with a mosaic of
these two vegetation types, as the peat profiles suggest,
all other communities found should be considered to be
substitute communities, which have developed because
of changes in the abiotic environment.
Starting with the Eleocharitetum quinqueflorae, the
spatial transition of this community via a Betulo-Sali-
cetum repentis community to a Thelypterido-Alnetum
can be interpreted as a succession along that line. In the
same way we can interpret a development of this alder
wood via a Sphagnum-rich subtype to the development
of a Sphagno-Betuletum and subsequently into a bog
(Ledo-Pinetum sylvestris) as triggered by an acidifica-
tion of the Alnetum. The presence of vegetation without
any Sphagna, but with Pinus sylvestris and many beech
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trees (Fagus sylvatica), ranging from saplings to trees of
over 10 m high, suggests that a succession of this bog
vegetation into a beech forest (Melico-Fagetum) is actu-
ally taking place, at least locally.
Dierßen (1982) suggested that because of the low
productivity of the sites where the Eleocharitetum
quinqueflorae occurs, this community could last for a
long time, despite its low competitive ability. A condi-
tion for this persistence is that the hydrological circum-
stances (including trophic conditions) do not change. As
soon as the water table is slightly lowered this pioneer
community changes into the more productive Caricetum
lasiocarpae (Succow 1988). If the vegetation structure
would open again, for instance by animal activity, this
community could re-establish (Dierßen 1982).
At present the Caricetum lasiocarpae covers only a
small area and it shows a large floristic resemblance to
the somewhat drier Betulo-Salicetum repentis; this is
interpreted as a probable succession. The latter commu-
nity gradually changes in its turn into a beech forest
along the eastern edge of the area. In the centre of the
reserve a gradual transition between the Betulo-Salicetum
repentis and the Sphagno-Betuletum occurs, which sug-
gests a succession caused by acidification.
In conclusion, two main trends can be recognized,
starting with the Eleocharitetum quinqueflorae and/or
the Caricetum lasiocarpae. The first, general trend is a
lowering of the ground-water table which causes a shift
towards more productive communities. The second trend,
superimposed on the first one, is an acidification in
those parts of the fen system which have suffered less
severely from drainage. When the ground-water table is
lowered still further the succession proceeds towards
beechwood.
Changes in the hydrological system
Nowadays, only a very small part of the Lieper Posse
can be considered as a ‘living mire’. In most parts of the
fen system peat formation has been hampered, or peat
has started to be degraded. Two changes in the hydrol-
ogy have effected the water balance of the mire, one at
the supply and one at the discharge side. Probably, the
most important one is an increased drainage through the
ditch along the western edge of the fen system. Judging
from the elevation of the bottom of this ditch, the
drainage base of the peat must have dropped locally by
about 2 m. The effect of this drainage is compensated
for to some extent by the drainage of another moor that
nowadays discharges its water through a ditch towards
the NE corner of the Lieper Posse. However, the subsid-
ence of the peat shows that this extra supply is not
enough to eliminate completely  the effects of drainage.
Generally, a fen system may react in three different
ways to a lowering of the ground-water table. First, the
system can compensate for a slight lowering of the
ground-water table by shrinking (Illner 1961; Schothorst
1977). Second, when the fall in the water table is bigger,
the system can no longer compensate by shrinking; then
the storage becomes larger. An alternative water source
(rainwater or surface water) can fill this space, at least in
the wet season; this may cause acidification or eutro-
phication and also increased  fluctuation in the ground-
water table (Grootjans et al. 1988). Third, when the fall
of the water table is even more substantial, the process
of refilling cannot compensate for the loss of ground
water; consequently, desiccation and mineralisation of
the peat will occur (Gotkiewicz 1977; Grootjans,
Schipper & van der Windt 1985, 1986; Mundel 1976).
Examples of all three phenomena can be observed in
the Lieper Posse. The low degree of humification of the
peat in the centre of the area shows that the main process
here is shrinkage of the peat body. The water table is still
very high, but the original calcicolous mire vegetation
covers only a very small area; thus even here slight
drainage has taken place. Another part of the mire is at
present covered by bog vegetation, where conversion
from a ground water-fed mire into a rain water-fed bog
goes on. The question then arises whether this transition
is induced by external changes or must be attributed to
natural processes (Segal 1966). Although the answer is
not fully clear at this stage, the assumption is as follows:
the presence of acid, mineral-poor ground water in the
underlying ‘moss-sedge’ peat shows that infiltration of
rainwater has increased at the cost of the ground-water
body, thus the lowering of the ground-water table may
at least have favoured the change into a bog vegetation,
if not directly caused it.
Along the northern border of the reserve eutrophic
conditions exist. This situation can probably be attrib-
uted to a high mineralisation rate, caused by the large
fluctuations in the ground-water level. In the wet season
the ground-water level was 20-40 cm above the surface,
whereas it was over 40 cm below it in the dry season. No
doubt this zone will be fed partly by surface run-off
from the surrounding hills, but the main supply is with
surface water entering through the ditch in the NE
corner. In the SE corner where alder carrs are also
found, albeit with more acidophilous subtypes, there is
probably a relatively great influence of rainwater.
The succession from moist to wet woodland types
towards a drier beech forest on the western and eastern
edge points to a desiccation there. On the western edge,
adjacent to the ditch, the reason for this is clear, i.e.
direct drainage by the ditch. On the eastern border,
however, the reason is less evident. Contrary to the
situation on the northern and southern edges, the water
body is obviously no longer sufficiently large  to sustain
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the existence of wet vegetation types here. The most
distinct characteristic of this part is the lesser extent of
the peat body. In this zone the peat is only 40-80 cm
thick as compared to more than 3 m in the other areas.
Since the hydraulic resistance of sand is much lower
than that of peat, it is very likely that the outflow of mire
water to the underlying sand deposits is the main reason
for desiccation here.
Perspectives of hydro-ecological research for predict-
ing future developments
In this study an interpretation of the vegetation de-
velopment was used to assess changes in the hydrology.
It must be remembered, however, that the correlation
between certain plant species and abiotic circumstances
is only relevant as far as the root zone is concerned
(Metsavainio 1931; Everts & de Vries 1991). Thus,
indications in the moss layer, for instance, may differ
from those in the herb layer. Finnish mire ecologists
such as Pakarinen (1979) and  Reinikainen, Lindholm &
Vasander (1984) prefer to use only ecological indica-
tions provided by the moss layer, because the most
superficially  rooted  plants are  likely to react fastest  to
changes in the  abiotic  environment. On  the  other
hand, if indications by different synusia are different
from each other, we may obtain additional information
on the processes occurring, notably on the possible
stratification of water types which has taken place
(Kulczynski 1949). In our case, the occurrence of a
Sphagnum-rich alder carr in certain locations within  the
Lieper Posse suggests a superficial acidification there.
On the other hand the Alnus shrubs present in the Ledo-
Pinetum may be seen as remains of a former less acid
situation.
These examples also illustrate the limits of the ap-
proach followed here. By analyzing past and present
vegetation zonation we may well be able to generate
hypotheses about previous changes in the hydrological
system, which can then be tested by eco-hydrological
methods. It is much more difficult to predict future
vegetation changes.
When no further hydrological interferences occur
the succession described here will most likely continue.
This implies that woodland communities at the western
and eastern edge change into a beechwood and that the
Caricetum lasiocarpae will transform into a Betulo-
Salicetum repentis. The next succession steps are less
clear and will depend on the development of local
abiotic conditions. For instance, the existence of a
Thelypteris-rich subtype of the Betulo-Salicetum repentis
suggests a succession towards woodland. Whether this
will be Betula or Alnus wood depends on the future
composition of the water at different places. Although
the general trends are clear, more detailed predictions
will require more detailed predictions of the abiotic
circumstances, including the use of abiotic models. Any
extension of the prediction beyond the variables in-
cluded in this study, i.e. water table, pH and nutrient
status will be laborious and very costly.
The prediction becomes even more complicated if
the external circumstances change markedly, especially
if the water table was raised considerably. Because there
is no well-documented case of restoration of transition
mires it is not possible to base predictions on compari-
sons with other areas. There will also be particular
physical problems. When the drainage is completely
stopped the ground-water table will probably rise to its
former level, i.e. ca. 2 m above the present level. The
example of the Fettsee reserve in eastern Germany
shows that such an abrupt change in water level cannot
be followed by swelling of the peat. Instead the peat is
flooded (pers. obs. M. Succow). In the case of the Lieper
Posse a stepwise increase of the water level, seems more
appropriate. These and other complications make it
nearly impossible to predict future vegetation develop-
ment and necessitate the monitoring of such hydrologi-
cal changes when restoration management has started.
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